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Abstract
Serum diphenylamine reactions were performed in 156 patients, medical and surgical. On the
surgical side, serum diphenylamine reactions were evaluated in 50 patients before operation and
on the 7th and 12th postoperative days. The diphenylamine reaction was revealed as a determi-
nation of serum sialo-mucoprotein level. The above cases justify the assumption that the serum
diphenylamine reaction informs us of the intensity of regeneration in the organism.
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Enormous progress has been made in our knowledge of sugar che.
mistry during the past 50 years. However, chemical methods in this field
are used relatively rarely and indeed very seldom in clinical laboratories.
Bearing in mind that medical diagnostic institutions perform several
routine examinations applied to lipids, e. g., total cholesterol, free chole.
sterol, total fatty acids, esterified and free fatty acids, total lipids,
triglycerides, lipid.electrophoresis, lipase activity, etc., it is remarkable
that laboratories in large hospitals are not equipped for chemical examina.
tions of sugars except, e. g., for determination of blood glucose.
Again, when we consider the determination of amylase activity or
glycoprotein electrophoresis or determination of fructose in urine or in
spermatozoa, we have noted with regret that the possibilities offered by
sugar chemistry are used very sparingly. It is probable that the modern
documentation of experimental results is partly responsible for this situa.
tion, in spite of the wide use of the computer and in part because of the
often conflicting interpretation of results of researches in this field. It
would seem that our somewhat rigid mental attitude inhibits the develop.
ment of clinical sugar chemistry.
1. We often criticise the value of results reported by diagnostic
laboratories when we consider them in relation to diagnosis of particular
lesions and variations in the course of a disease. We often neglect existing
methods which may be valuable for indicating improvement or convales.
cence. With regard to improvement we should not only pay attention to
the disappearance of pathological conditions, but should also ask ourselves
the following questions :
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1. How high is the regeneration-potential of a damaged organ?
2. How high is the regeneration activity of the sick body and how
quickly will the regenerative reserves be mobilised?
3. How will the regenerative activity of the organ be changed dur-
ing the course of disease?
II. We looked at the possible sugar chemical methods in relation to
various clinical conditions, e. g. diabetes or diseases of connective tissues.
We believe that in this way our clinical views may be modified as a result
of these experiences in sugar chemistry.
Following such considerations we investigated the diphenylamine
reaction as a method of serum mucoprotein determination-Dische test-I.
1. Description of the Method of Procedure
It is generally known that the output of total protein glycosides of
serum is dependent upon a kind of previous precipitation with albumin.
By standardizing our method of procedure we found that we could detect
differing compositions of serum glycoproteins in the filtrate after varying
methods of precipitation of albumin, i. e., with trichloroacitic acid,
sulphosalicylic acid, methanol, etc. Using variable concentrations of
deproteinising solutions we did not find the same complex of protein
glycosides in the supernatant. Hence the quantitative shift is dependent
upon the presence or absence of certain serum mucosaccharide fractions.
Along with these qualitative differences in the composition of glycoproteins
in the filtrate the solubility of serum-protein glycoside fractions in the
filtrate is also very variable. Finally, we chose 20 % sulphosalicylic acid
solution for albumin reprecipitation. Our method for determination of
serum mucoproteins is as follows:
a. 2 ml serum
b. 6 ml sulphosalicylic acid 20%
c. let stand for 10 minutes
d. filtration
e. 3 ml filtrate
f. 2 ml phosphotungstic acid 5%
g. wait for 10 minutes
h. centrifugation
1. draw off
J. sediment + alkaline water
k. shake
1. + 8 ml acetone + 1 drop of concentrated NaCl
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m. wait for 10 minutes
n. centrifugation
o. draw off
p. sediment + 4 m!. alkaline water
q. shake
r. 3 ml solution + 3 ml diphenylamine reagent
s. heat for I hour in boiling water bath
t. cool
u. photometry with 520 mf!.
Consequently we chose as the centre of our observations the quantitative
determination of serum mucoproteins.
CONVERSION TABLE FOR SERUM MUCOPROTEIN DETERMINATIONS
(The serum concentration is given as percentage of normal levels)
Extinct. % Extinct. % Extinct. % Extinct, %
20 41 137 62 206 83 276
21 70 42 140 63 210 84 280
22 73 43 144 64 214 85 282
23 77 44 147 65 216 86 287
24- 80 45 150 66 220 87 290
25 83 46 152 67 224 88 293
26 87 47 157 68 226 89 296
27 90 48 160 69 230 90 300
28 93 49 162 70 233 91 302
29 97 50 166 71 236 92 306
30 100 51 170 72 240 93 310
31 103 52 174 73 243 94 314
32 107 53 176 74 246 95 316
33 110 54 180 75 250 96 320
34 114 55 184 76 253 97 322
35 117 56 188 77 256 98 326
36 120 57 190 78 260 99 330
37 123 58 194 79 262 100 332
38 127 59 197 80 266 105 350
39 130 60 200 81 270 110 366
40 133 61 204 82 273 115 385
2. Reproduction of the .Alethod
The method is well reproducible by double determinations,
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._----_._ .._--~--_ .. __._-----------_._-
No. Name Serum mucoprotein No. Name Serum mucoproteindouble determination double determination
6 K.W. 120% 51 W.T. 137%
120% 147%
7 M.K. 106% 52 G.R. 127%
104% 117%
10 M.W. 144% 55 F. K. 90%
13396 87%
11 H. Sch. 124% 87%
117% 56 G.F. 93%
12 F.C. 144% 97%
147% 57 M.F. 123%
15 P. S. 120% 123%
103% 144%
29 E. B. 10396 58 T.G. 107%
87% 110%110%
34 A. St. 127% 61 M. Sch. 80%130% 87%
41 J. L. 123% 62 M.K. 114%133% 123%
44 T.A. 127% 127%
140%
49 E.Z. 110%
114%
3. Sensitivity of Method
The sensitivity of the diphenylamine reaction is well adjusted for the
expected degree and deviation of concentrations.
Fig. 1
4. Reaction A1echanism of A1ethod
In order to answer the question "which end.group is responsible for
the red-violet colour of the diphenylamine reaction, we performed this
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reaction using 17 different types of sugar. The reaction colours of sugar
are given in the following table:
Type of Sugar Colour reaction withdiphenylamine
1. D-Galactose blue
2. D-Glucose blue
3. D-Mannose blue
4. D-Glucosamine blue (light)
5. Sialic acid (N-acetyl) red-violet
6. Lactose blue
7. Maltose blue
8. D-Cellobiose blue
9. L-Fucose light green
10. D-Mannitol colourless
11. Dulcitol colourless
12. D-Glucurun brown
13. D-Ribose brown
14. L-Rhamnose green (light)
15. Erithritol green
16. D-Xylose green and yellow
17. L-Arabinose green and brown
We show the colour reaction of these 17 types of sugar in Fig. 2.
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The most important result of these series of experiments was the fact
that amongst the most frequent types of sugar only sialic acid showed the
expected pink.red colour reaction (Fig.2). In 1956 GOTTSCHALK had shown
that sialic acid, a deoxy.sugar, shows a red colour reaction with the
diphenylamine reagent (Glycoproteins. Their Composition, Structure and
Function. Edited by Alfred Gottschalk. Elsevier Publishing Company.
Amsterdam.London.New York.page 174).
The spectrophotometric analysis of the diphenylamine reaction shows
according to]. KELLEN (page 62) two maxima. KELLEN found desoxyhe.
xoses responsible for the colour intensity with 520 mp.. The second
adsorption maximum is with 620 mp., and, according to KELLEN can be
provoked by a furfurol.reaction of hexoses, while 5.hydroxymethylfurfurol
will be formed (j. KELLEN: Die Eiweisszucker.G. Thieme Verlay, Leip-
zig, 1960). We should not forget that desoxypentoses according to Niazi.
also produce a purple colour reaction with the Dische.reagent.
Behaviour· of the Diphenylamine Reaction in the Serum of Surgical Patients
(Mucoprotein Determinations) :
The level of mucoprotein amide levels in the serum of 62 patients
who had surgical treatment was measured. The blood was withdrawn
from the patients one hour before the operation. The initial values were
between 50% and 455% mucoprotein.
Further blood samples were withdrawn from 50 of these patients on
the 7th and 12th postoperative days respectively. Thus we had for com.
parison three separate values.
In 86% of all cases the values on the 7th postoperative day were
significantly higher in comparison with the initial values. These values'
were between 133% and 385%.
The values on the 12th postoperative day showed a clear decrease in
29 patients, i. e. 50% of all cases in comparison with the values on the
7th postoperative day.
The third value, i. e., that of the 12th postoperative day, returned to
preoperative levels in only six out of these 29 cases. The values on the
12th postoperative day were higher than the initial values in 23 of these
29 cases.
Adding these 23 cases to the 21, with them also the third values on
the 12th postoperative day, were higher than the second values on the
7th postoperative day. In only six cases from amongst the 50, i. e., 12%
did the values of the 12th postoperative day return to the initial value.
Consequently it is possible to make the following statement:
There is the greatest increase in mucoproteins in serum on the 7th
6
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postoperative day. In many patients the level of mucoproteins beging to
decrease on the 12th postoperative day, in several patients it returns to
the initial preoperative value during that time. On the other hand, it
increases still further in many patients.
Considering the increase and decrease of mucoprotein levels in serum
in relation to certain operations such as those on bone or the abdomen, or
in relation to certain groups of disease such as cholecystitis or tuberculosis,
there is no significant decrease or increase in mucoproteins in the serum
with certain disease or operative states during the 12 postoperative days.
A possible exception is that of carcinoma. . .
According to our observations, the rates of healing and postoperative
complications do not bring about striking changes in the behaviour of
mucoproteins after operations. Similarly we could not determine any
relationship to the blood sedimentation rate, or to the number of leuco-
cytes in cases with a high content of mucoprotein. Indeed, sometimes we
found high sedimentation values and high numbers of leucocytes with low
mucoprotein values.
Considering the preoperative initial values in 62 patients in relation
to their basic illnesses, likewise we could not find any significant increase.
Values of over 200% were found in 12 out of 62 patients. Of the 12
patients, 3 had fractures of bone, 3 had carcinoma, 2 acute appendicitis
and one each extensive lipoma, duodenal ulcer, cholelithiasis and anal
prolapse with haemorrhoids. It was possible that we may confirm the
increase in mucoproteins with carcinoma described by several authors,
but we could observe only one case of carcinoma.
In three out of four cases with histologically proven carcinoma the
values were greatly increased, while in one case the value. was only
moderately increased. The value was increased to over 200% in only one
case out of 11, including eight cases with cholecystitis and gall stones. In
two patients who were operated upon because of histologically confirmed
tuberculosis, the values were within the normal range.
We found values under 100% in 5 cases. In some cases of
exomphalos, undescended. testis, appendicitis, cholelithiasis and prostatic
adenoma, it was not possible to find a connection between illness and
decrease in the level of mucoproteins. Due to the small number of ca~es
we have to evaluate the results with reserve, with the exception of the
typical behavioltr of mucoproteins in serum after operations. However,
we made the important observation that the postoperative increase in the
serum diphenylamine reaction intensity appears parallel with the extent of
the particular lesion,
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Turning to our findings in the field of internal medicine, we empha.
size that the values of serum mucoprotein were essentially increased in one
case of acute myocardial infarction. In the following table we summarize
the results of our laboratory examinations in this case with cardiac infarc-
tion.
Date Transaminases Westergren Serum mucoproteins
9.10.66
2.12.66 SGOT 55 WE, SGPT 195 WE
5. 10.66 SGOT 90 WE, SGPT 85 WE
16.12. 66 SGOT 93 WE, SGPT 110 WE
16.12.66
14/29
15/35
35/55
93%
124%
200%
226%
The Case of Myocardial Infarction on 2nd Dec. 1966
It appears that the extent of tissue damage in relation to the increase
in mucoprotein values is relevant also in this case. While we should not
await diagnosis from the diphenylamine reaction, this test could help us
in detecting spreading of the lesion, e. g., an extension of an infected or
sterile inflammation.
TABLE 1 RESULTS OF DIPHENYLAMINE-REACTION (Number of cases: 150)
No. Diagnoses Decreased Normal Easily Moderately HeavilyIncreased
3
6
1
2
1
3
2
2
2
2
1
7
3
2
2
3
3
2
8
12
10
15
3
9
5
2
1
2
2
3
2
2
10
10
Fractured femur
Other cases
Varicosities
Neurasthenia
Hernia
Goitre
Diabetes mellitus
Chronic Gastritis
Duodenal Ulcer
St. p. resect. ventric.
Disease of gallbladder
and cholecystitis
Cholelithiasis
Rheumatoid Arthritis
Insuff. coronar. arter.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
II.
12. Appendicitis
13. Carcinoma
14.
15.
16.
Totals 2 39 68 24 17
8
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We performed diphenylamine reactions on 62 surgical cases and 94
patients in internal medicine. Altogether 150 patients were evaluated,
while we also carried out controls of the course on the surgical side using
three serum analyses on each patient.
After hospitalization the diphenylamine reaction was readily increased
in 68 patients 000%-140%). We found normal values 000%) in 39
patients. The serum diphenylamine reaction was moderately increased
040%-160%) in 24 patients. Markedly increased (over 160%) colour-
reaction occurred in the sera of 17 patients. In only two patients were
decreased serum sialomucoprotein values found (under 100%).
The results do not point to a connection between diagnosis and in-
tensity of the serum-mucoprotein reaction. We do not think that this
observation had aetiological significance in treated diabetics and patients
with chronic gastritis. Again we do not think for aetiological reasons that
hyperthyroidism results in increased intensity of the diphenylamine reac-
tion. Again cases of acute appendicitis showed a clear increase in serum-
mucoprotein in serum, but this observation did not convince us that it
had anything to do with diagnosis.
Bearing in mind that SUDHOFF and KELLNER-1957-5, found an increase
in protein-bound hexoses in the serum following injection of adrenaline,
we also noted the catecholamine excretion in urine, parallel with each
serum-protein determination. We did not find any connection between
the level of urinary catecholamine and the serum diphenylamine reaction.
Again we did not note any laboratory findings which would enable us to
forecast the intensity of the diphenylamine reaction. General clinical
observations on our patients point to the fact that the intensity of the
serum diphenylamine reaction reflects the spreading and extension of
tissue lesions in relation to the level of regenerative activity. We found
no difference in diphenylamine reaction intensity between male and
female.
DISCUSSION
JOACHIM KUHNAU (6), (Director of Physiological-Chemical Institute
of the University of Hamburg), notes factors relating to accommodation
requirements in the defensive-healing reaction. Hence we thought it
advisable to obtain information about the regenerative intensities in all cases.
The assumption that this regeneration is introduced by destruction of
inhibitors of mitosis certainly does not mean that the absence of normally
existing substances would characterise the whole course of regeneration.
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Not only with wounds, but also with lesions of parenchymatous tissues
will reaction of connective tissue be inhibited. We have to pay attention
to the critical examination of proteolytic ferments of plasmin type in that
not only phologogenic peptides originate in the course of the proteolysis
of protein glycosides, but also certain glycopeptides appear in the tissue
fluid, because proteolysis is closely related to the sugar portion of glyco.
proteins.
In our opinion it is the synthesis of mucopolysaccharides which is
important in every event of regeneration and which appears as an increas-
ed excretory product using the serum mucoprotein reaction. The synthesis
of mucopolysaccharides is as important in the healing of internal lesions,
e. g., healing of a myocardial infarct, as for instance in the healing of a
wound amongst these mucoproteins especially important are the sialo-
mucoproteins which are mucoproteins containing sialic acid. The impor-
tance of our serum mucopolysaccharide values would be emphasized if we
said that the intensity of the serum diphenylamine reaction reflects the
number of active fibroblasts.
SUMMARY
Serum diphenylamine reactions were performed in 156 patients,
medical and surgical. On the surgical side, serum diphenylamine reac-
tions were evaluated in 50 patients before operation and on the 7th and
12th postoperative days. The diphenylamine reaction was revealed as a
determination of serum sialo-mucoprotein level. The above cases justify
the assumption that the serum diphenylamine reaction informs us of the
intensity of regeneration in the organism.
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